This cuvet described here was designed for use in mechanized batchwise, discrete spectrophotometric analyses, specifically for the automation system described earlier (1), although it can be used in manual spectrophotometric analyses. Although microscale flow-through cells are invaluable for continuous or flowing stream analyses, we have found that these cells have several inherent design features that are undesirable for discrete analyses. Their small interior size and constricted design often lead to trapped air bubbles in the sample compartment, especially if solutions are immobile in the cell for some time. The bubbles alter the light path, causing anomalous readings. Direct temperature measurement of the solution in the cell is difficult because of the enclosed design; with immobile solutions, temperature gradients are possible from the cell walls to the interior of the solution (2); and finally, even for solutions preequilibrated in the water bath, about 20 mm is required to reach the steady-state temperature within the cell (2) . Solutions must be mixed and incubated separately when using micro-scale cells. These cells are also hard to clean without damage to the interior chamber or the optical surfaces. 
Design
The 3-ml cell, illustrated in Figure Ia, Figure lb shows the entire cell assembly and illustrates how the stirring motor (Model AYAA-707-110; Barber Coleman Co., Rockford, Ill. 61101) is mounted above the cell. For spectrophotometer compartments of limited height, the stirring motor could be mounted on the sides of the mounting plates and the stirring rod could be driven by a belt and pulley. This was not necessary for the Model 707 (Heath Corp., Benton Harbor, Mich. 49022) spectrophotometer, which has a 13 X 13 X 10 cm sample compartment.
Computer-Controlled Temperature Regulation
The temperature is proportionally controlled by direct- Euses:
Heat pump:
Operational amplifiers:
Pilot lamps:
Resistors:
Switches: Transformers:
Transistors: The difference between these voltages, which is proportional to the desired temperature and actual temperature, provides the error signal which, when amplified, results in the heating or cooling of the cell via the heat pump.
Manually Controlled
Temperature Regulation The experiment was done in triplicate and was precise to better than ±0.5 milliabsorbance units; the maximum error in the 3.5 digit panel meter (both pairs of three readings were identical). From these data, the optical pathlength of the cuvet was calculated to be 10.00 mm.
A carryover study was done by measuring the absorbance of three high-concentration samples of K3Fe(CN)6 followed by three blank (water) samples. time of 200 Ml are used. The dilution study was done by mixing various aliquots of serum with physiological saline to produce a total sample volume of 200 Ml. The sample was added to the buffer/substrate reagent and incubated for 1 mm before the rate was determined.
The results (Figure 3 ) exhibit a standard error of the estimate of ±1.15 milliabsorbance units/mm and a mean deviation between ascending and descending analyses of ±1 milliabsorbance unit! mm. The system, including temperature control, solution mixing, and rate reading, is evaluated by this experiment.
We measured the time required for the temperature controller to reach a given temperature from an ambient-tem- recovery after three cell washes, and long-term temperature stability. The temperatures were measured to ±0.01 #{176}C with a Heath digital temperature module (EU 200-41; Heath Corp.), with the temperature probe in the reaction mixture. Warm-up time for the entire cell assembly, from ambient to the desired temperature was less than 10 mm for ±0.15 #{176}C stability, recovery time after washing was less than 3 mm for ±0.15 #{176}C stability, and long-term stability was ±0.05 #{176}C. The temperature experiments were done in triplicate starting from ambient to 25, 30, and 37 #{176}C. The wash experiments were also done in triplicate. The controller had a temperature rise of 10 #{176}C/'min from ambient to 30 #{176}C, and a temperature rise of 3 #{176}C!min after washing the cell three times.
Discussion
Our data indicate that a reliable, easily maintained, thermostatted reaction cuvet is readily constructed from commercially available materials and components.
This cuvet assembly was designed for discrete, batchwise spectrophotometric analyses. In earlier work (1, 5), a temperaturejacketed micro-flow-through cell was used. This cell required an external mixing and incubation chamber, the analyte could not be stirred, and the temperature could not be set automatically.
Problems arose because bubbles formed in immobile analytes within the cell, causing anomalous absorbance readings, and the actual reaction mixture temperature could not be monitored owing to the cell's enclosed design. The data obtained in this work, as compared to those obtained earlier (5), clearly demonstrate the superior performance of this cuvet assembly for discrete analyses.
The carryover of this system between samples was 18 pl compared to 40 ILl for the micro-flow-through cell (5). baths-i.e., bench space for the water bath, no allowance for the temperature differences between a bath and the cell need be made, and water hoses are not required to be connected to the cell with light-tight seals. This approach offers an attractive alternative to temperature-jacketed cells for discrete spectrophotometric analyses, manual or automated. We envision a modification in which several cuvet compartments are drilled in one block assembly for multitest applications.
We
